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DESCRIPTION 

Diagnostic Sensor 

Technical Field 

The present invention relates to a method for detecting 
and diagnosing occurrence of abnormality in a living body and 
to a sensor used for the detection. 

Background Art 

Various techniques for detecting various diseases, 
illness, and other abnormalities of a body have been 
conventionally proposed. Such detecting techniques are 
roughly divided into techniques for removing tissues from a 
body by incision and techniques for detecting abnormality 
without incising the body. 

When a physical burden on a subject as an object to be 
subjected to detection of the presence/absence of abnormality 
is considered, the abnormality detection without incising the 
body is preferable. 

It is well known as an empirical rule that when something 
abnormal occurs in the body, odor which does not develop when 
a person is healthy develops. 

However, the sense of smell is a particularly emotional 
or affective sense among the five senses of a human. A person 
may feel the same odor as comfortable ^'aroma" or ''bad odor" 
depending on a slight difference in the atmosphere in which 
the odor exists. The sense of small largely varies among 
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persons . 

Consequently, techniques for detecting abnormality in 
a body using the odor as a reference have been hardly 
practically used. 

A sensor capable of measuring an enzyme or protein 
specific to a disease by using an antibody-enzyme system has 
been also proposed (refer to, for example, Japanese Published 
Unexamined Patent Application No, H10~267888) . 

It is, however, difficult to apply such a sensor to a 
method of detecting abnormality in a body using the odor as 
a reference. 

Disclosure of the Invention 

An object of the present invention is to provide a 
diagnostic sensor and a diagnostic system capable of easily 
detecting abnormality in a human body using the odor as a 
reference by a simple apparatus without removing a part of 
tissues and/or taking blood, which gives pain to the patient 
or without requiring a conventional inspection method of 
examining a part of removed tissues and/or blood under a 
microscope for long time. 

The inventors have been paying attention to the 
phenomenon that when a living body has something abnormal or 
a disease, odor which does not develop when a person is healthy 
develops from the living body itself, body fluid such as blood, 
sweat, or the like of the living body, and gases emitted from 
the living body such as expired gas, inspired gas, water vapor 
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from the skin, and the like. 

This time, the inventors paid attention to the phenomenon 
that the odor is caused by molecules pr particles of a pathogen 
or an antigen or ligand corresponding to abnormality, or 
disease, which are included in a part of the living body having 
abnormality or disease, a body fluid, and a gas from the living 
body. By detecting the pathogen, antibody, or ligand from the 
part/ body fluid, or gas, the state of the living body can be 
diagnosed with high precision. 

A diagnostic sensor (A) of the present invention based 
on the finding is characterized by including: detecting means 
(2) for detecting any of various pathogens existing in a part 
of a living body and/or body fluid of the living body or a gas 
emitted from the living body, or an antigen (S) or ligand 
corresponding to abnormality or disease; and signal generating 
means (semiconductor integrated circuit 1) for generating a 
signal when the detecting means (2) detects any of the pathogens, 
antigen (S) , or ligand (claim 1) . 

The pathogen, antigen (S) , or ligand is a cause of a 
disease and, preferably, the detecting means (2) does not 
detect all of pathogens or antigens but detects a specific 
pathogen, antigen (S) , or ligand. 

Preferably, the detecting means (2) detects, for example, 
only one kind of pathogen, antigen, or ligand or has either 
an antibody (R) which binds to the pathogen or antigen. (S) to 
be detected or a protein (ligand receptor) which binds to the 
ligand, and has, as a sensing part (2) , a part having the 
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antibody (R) or protein. More preferably, a monoclonal 
antibody is used as the antibody (R) . 

In addition, the detecting means (2) can be also 
constructed so as to detect body odor of each person 
corresponding to a gene cluster of a major histocompatibility 
complex (MHC) used when an immunocyte distinguishes between 
itself and a foreign matter. 

In the diagnostic sensor (A) of the present invention, 
the detecting means (2) is formed by applying or attaching an 
antibody (R) or ligand on or near an integrated circuit (1) 
formed on a semiconductor substrate, a part to which the 
antibody (R) is applied or attached and the integrated circuit 
(1) are electrically connected to each other via a conductor 
(3) , the signal generating means is formed in the integrated 
circuit (1), and when a surf ace acoustic wave current (4a) which 
is generated when the antibody (R) and the antigen (S) bind 
to each other or the protein and the ligand bind to each other 
is transmitted via the conductor (3) to the integrated circuit 
(1) , an electric signal corresponding to the surface acoustic 
wave current (4a) is transmitted to the outside of the 
integrated circuit (1) (claim 2). 

A diagnostic system (B) of the present invention using 
the diagnostic sensor (A) includes: signal amplifying means 
(5) for amplifying a signal generated by the diagnostic sensor 
(A) ; storing means (database 6) for storing, as a base signal, 
a signal generated when the diagnostic sensor (A) does not 
detect a pathogen, antigen (S) , or ligand; control means 
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(control unit 7) ; and display means (monitor 8) , wherein the 
control means (7) compares a signal generated by the diagnostic 
sensor (A) with the base signal stored in the storing means 
(6), thereby determining whether or not the signal generated 
by the diagnostic sensor (A) is a signal generated in the case 
where a pathogen, antigen (S) , or ligand is detected (claim 

3, FIGS. 4 and 5) . 

A diagnostic system (E) using the diagnostic sensor 
(sensor chip C) and a computer network (N) of the invention 
includes: reading means (reader 75) provided on a patient side, 
for reading a signal generated by the diagnostic sensor (C) 
and generating an electric signal; a patient-side computer 
(70) for sending the electric signal from the reading means 
(75) to the network (N) ; and a diagnosing-side computer (D) 
for receiving the signal from the reading means (75) sent via 
the network (N) . The diagnosing-side computer (D) includes: 
storing means (D3) for pre-storing, as a base signal, a signal 
generated by the reading means (75) in the case where the 
diagnostic sensor (C) does not detect a pathogen, antigen, or 
ligand; comparing means (D4) for comparing the signal sent via 
the network (N) with the base signal; and determining means 
(D5) for determining the state of the patient side 
corresponding to the signal sent via the network (N) on the 
basis of an output signal of the comparing means (D4) (claim 

4, FIG. 8) . 

In addition, a brassiere (10) of the present invention 
formed in such a manner that a housing part (10a) for housing 
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any one of the above-described diagnostic sensors (C) is formed, 
and in the case where abnormality occurs in a mamma, an antigen 
or ligand as a cause of the abnormality is detected by the 
diagnostic sensor (C) in the housing part (10a) , and the 
abnormality is notified (claim 5, FIG. 9) . . 

The antigen is, for example, an antigen specific to 
breast cancer. 

Preferably, the housing part is provided in a position 
near a nipple. 

The diagnostic sensor having a (specific part) detector 
(specific part) for detecting binding between an antibody and 
an antigen or the sensor for detecting binding between a ligand 
and a protein (ligand receptor) can be replaced with another 
sensor. 

For example, the detection can be also performed by an 
odor sensor utilizing an odor sensing function, a sensor 
utilizing an organic dye film of petain dye, merocyanine dye, 
or the like, a sensor using a chemical material such as beta 
carotene, or a metal oxide semiconductor sensor made of tin 
oxide (Sn02) / zinc oxide (ZnO) , iron oxide (FeaOa) / titanium 
oxide (TiOa) , or the like. 

It is also possible to prepare a plurality of sensors 
and collate the correlation of the sensors with a prepared 
response pattern to specify a component related to any of 
various diseases from an approximated value. 

Brief Description of the Drawings 
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FIG. 1 is a perspective view showing a general 
configuration of a first embodiment of the present invention, 
FIG. 2 is a schematic diagram showing an image of a binding 
state between a monoclonal antibody and an antigen in the first 
embodiment of the invention, in which the antigen does not bind 
to the antibody, FIG. 3 is a schematic diagram showing an image 
of a binding state between the monoclonal antibody and the 
antigen in the first embodiment of the invention, in which the 
antigen binds to the antibody, FIG. 4 is a block diagram showing 
a general configuration of a second embodiment of the present 
invention, FIG. 5 is a flowchart showing a diagnosing method 
of the second embodiment of the invention, FIG. 6 is a 
perspective view showing the configuration of a diagnostic 
chip of a third embodiment of the invention, FIG. 7 is a block 
diagram showing the configuration of a diagnostic chip of a 
fourth embodiment of the invention, FIG. 8 is a block diagram 
showing the configuration of a diagnostic system of a fifth 
embodiment of the invention, and FIG. 9 is a perspective view 
of a brassiere for diagnosing breast cancer of a sixth 
embodiment of the invention. 

Best Mode for Carrying out the Invention 

Embodiments of the present invention will be described 
hereinbelow with reference to the appended drawings. 

First, a first embodiment will be described with 
reference to FIGS. 1 to 3 . FIGS. 1 to 3 are diagrams 
stereoscopically showing an example of a diagnostic sensor of 
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the first embodiment. 

In FIG. 1/ a sensor indicated by reference character A 
is constructed by a monoclonal antibody R mounted on an 
integrated circuit 1 formed on a semiconductor substrate and 
an electric conductor 3 connecting the monoclonal -antibody R 
and the semiconductor integrated circuit 1. 

The sensor A has the antibody R (monoclonal antibody) 
as shown in FIG. 2. In the case where the antibody S in a 
detection part 2 as detecting means and an antigen S mounted 
on the top face of the detecting part 2 do not bind to each 
other (in the case where the antigen is Sa) , a weak waveform 
(for example, sine wave) 4a as an electric signal detected does 
not change. However, as shown in FIG. 3, when the antibody 
R of the detecting part 2 and the antigen S bind to each other 
(in the case where the antigen is Sb) , a current 4b called a 
surface acoustic wave current or an interface weak current is 
generated and the weak waveform 4a changes. 

By comparing the changed weak waveform 4b with the weak 
waveform 4a generated in the case where the antibody R and the 
antigen S do not bind to each other (the antigen is Sa) , whether 
the antibody R and the antigen S bind to each other or not is 
determined . 

To assure stability of the antibody R, the detecting part 
2 having the antibody R is covered with a film 2f . The film 
2f is made of a material which transmits an antigen molecule 
or antigen particle but does not transmit the antibody. 

For the detecting part 2 of the sensor chip, in place 
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of the antibody R, a substance which reacts with a specific 
antigen S may be used. 

Examples of the material which reacts with the specific 
antigen S are an odor sensor utilizing an odor sensing function, 
a sensor utilizing an organic dye film .of petain dye, 
merocyanine dye, or the like, a sensor using a chemical material 
such as beta carotene, and a metal oxide semiconductor sensor 
of tin oxide (Sn02) , zinc oxide (ZnO), iron oxide (Fe203) , 
titanium oxide (TiOa) , or the like. By any of the sensors, 
detection can be performed. 

It is also possible to prepare a plurality of sensors 
and collate the correlation of the sensors with a prepared 
response pattern to specify a component related to any of 
various diseases from an approximated value. 

Next, a second embodiment will be described with 
reference to FIGS. 4 and 5. The second embodiment of FIGS. 
4 and 5 relates to a diagnostic system including the diagnostic 
sensor of the first embodiment. 

First, referring to FIG. 4, the configuration of the 
diagnostic system will be described. 

The diagnostic system indicated by reference character 
B has: the diagnostic sensor A constructed by the detecting 
part 2 having the antibody R (monoclonal antibody) , the 
semiconductor integrated circuit 1, and the electric conductor 
3 connecting the detecting part 2 and the semiconductor 
integrated circuit 1; a • semiconductor amplifier (signal 
amplifier) 5 connected to the diagnostic sensor A and 
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amplifying a signal generated from the diagnostic sensor A; 
and a control unit 7 connected to the signal amplifier 5 and 
a database 6 via a signal line L. 

Further, the diagnostic system B includes an image 
display device (monitor) 8 and an audio output device 9. The 
image display device (monitor) 8 and the audio output device 
9 are connected to the control unit 7 via a control signal line 
Lo . 

Next, a diagnosing method carried out by the diagnostic 
system B will be described with reference to FIG, 5. 

First, the control unit 7 detects a weak current output 
from the semiconductor amplifier 5 (step SI). 

After that, the control unit 7 examines the waveform of 
the weak current (step S2) and determines whether the detected 
waveform is different from a base waveform more than a 
permissible range or not (step S3) . The ^'base waveform" 
denotes here a waveform of a weak current generated in the case 
where the antibody R and the antigen S do not bind to each other . 

If the waveform of the weak current is different from 
the base waveform more than the permissible range (YES in step 
S3), the control unit 7 moves to step S4 . If the waveform of 
the weak current is not different from the base waveform more 
than the permissible range (NO in step S3) , and the control 
unit 7 moves to step S6. 

In step S4, the control unit 7 determines that ^^a 
predetermined amount or more of the antigens S binding to the 
antibody R exists", and notifies, for example, a doctor, a 
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subject (patient), or the like who operates the diagnostic 
system B of the fact ^^a predetermined amount or more of the 
antigens binding to the antibody exists" by using the image 
display device 8 or the audio output means 9 (step S5) . 

In the following step S6, the control unit 5 determines 
whether the diagnosis (control) is finished or not. If the 
diagnosis is finished (YES in step S6) , the control unit 7 
finishes the control. On the other hand, when the control unit 
7 determines that the test has not been finished (NO in step 
S6) , the control unit 7 returns to step SI and repeats step 
SI and the subsequent steps. 

With the diagnostic sensor A of the first embodiment and 
the diagnostic system B using the sensor A, by comparing a 
signal generated by the diagnostic sensor A with a base signal 
stored in the database 4, whether the signal generated by the 
diagnostic sensor A is a signal generated in the case where 
a pathogen or antigen is detected or not can be easily 
determined. Therefore, without removing a part of tissues 
and/or taking blood that gives pain to the patient, abnormality 
in the human body can be detected. 

Referring now to FIG. 6, a third embodiment will be 
described. The third embodiment of FIG. 6 is obtained by 
forming the diagnostic system of the second embodiment of FIGS . 
4 and 5 in a single chip. 

Specifically, in the third . embodiment , a single chip 
(diagnostic chip) C has thereon a semiconductor integrated 
circuit IC, a detecting part 2C having a monoclonal antibody. 



11 



a storage 6C, a control unit IC, and a liquid crystal display 
8C as display means which are formed on the semiconductor 
integrated circuit IC. With the single chip C, diagnosis can 
be conducted. 

FIG. 7 shows a fourth embodiment of the present 
invention. 

In the first embodiment shown in FIGS. 1 to 3, the 
monoclonal antibody R is directly mounted on the integrated 
circuit 1. In the third embodiment of FIG. 6, the detecting 
part 2C having the antibody R is directly mounted on the 
integrated circuit IC. 

In contrast, in the fourth embodiment of FIG. 7, the 
monoclonal antibody R is mounted on a quartz resonator 20, and 
the quartz resonator 20 is electrically connected to an 
integrated circuit ID via a signal transmission line TL-1. In 
other words, an electric signal generated by the quartz 
resonator 20 is transmitted to the integrated circuit ID via 
the signal transmission line TL-1. 

An electric change (fluctuations in the weak electric 
signal) which occurs when the antibody R (monoclonal antibody) 
and the antigen S bind to each other is amplified by the quartz 
resonator 20. The amplified signal is transmitted to the 
integrated circuit ID via the signal transmission line TL-1. 

In the integrated circuit ID, for example, a signal 
process or information process is performed in a manner similar 
to the mode described above with reference to FIG. 5. 

The other configuration and effects are similar to those 
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of the first to third embodiments. 

A fifth embodiment will be described with reference to 
FIG. 8. 

In the third embodiment of FIG. 6, a diagnosis result 
(result of only ^'whether the antibody and the antigen bind to 
each other or not") is displayed on the chip. The details are 
unclear and it is difficult to carry out further diagnosis. 

In contrast, the fifth embodiment of FIG. 8 relates to 
a diagnostic system (indicated by reference character E) in 
which a detection signal from the chip is received by signal 
reading means in a state where a predetermined part is detected 
by the chip. After the signal from the chip is received by 
the signal reading means, the signal is transmitted to, for 
example, diagnosis means in a medical facility via a network. 
By the diagnosis means, diagnosis is conducted on the basis 
of the signal from the chip. 

In FIG. 8, a house H is provided with the diagnostic chip 
C similar to that in the third embodiment of FIG. 6 and a reader 
75 for reading a diagnosis result of the chip C. The reader 
75 is connected to a household personal computer 70. The 
personal computer 70 has a monitor 80 and input means 80a. 

On the other hand, a computer Don the diagnosis side 
(medical institution) has transmission/reception means Dl, 
waveform determining means D2, storing means D3, comparing 
means D4, and determining means D5 . 

The household personal computer 70 is connected to the 
transmission/reception means Dl of the diagnosis-side 
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computer D via a network N, and sends a result (data of a weak 
waveform in which whether the antibody and the antigen bind 
to each other is reflected) obtained by the diagnosis chip C 
to the comparing means D4 via the transmission/reception means 
Dl and the waveform determining means D4 . ' 

The comparing means D4 compares data of various 
antibodies R stored in the storing means D3 with the waveforms 
obtained by the household chip C to determine if the subject 
providing data has a disease, illness, or problem on the basis 
of the obtained antibody data. 

That is, the diagnosis itself is conducted in a manner 
similar to that of the second embodiment of FIGS. 4 and 5. 

In the diagnostic system E having the diagnostic sensor 
(chip C) and the computer network N, by installing the 
diagnostic sensor (chip C) in the house H, information is 
automatically sent from a computer 50 in the house to the 
computer D on the diagnosis side via the network N. By 
collating and comparing the information with data prepared in 
the storing means D3 of the computer D on the diagnosis side, 
abnormality or disease can be determined in short time. Thus, 
the diagnostic system E contributes to early treatment. 

Next, a sixth embodiment will be described with reference 
to FIG. 9. 

The sixth embodiment of FIG. 9 is an embodiment 
(diagnostic apparatus F) in which the first embodiment of FIGS . 
1 to 3, the second embodiment of FIGS. 4 and 5, the chip of 
the third embodiment of FIG. 6, and the fifth embodiment of 
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FIG. 8 are used for particularly detecting breast cancer. 

As shown in FIG. 9, the diagnostic apparatus F is obtained 
by forming a pocket part (housing part) 10a in a female 
brassiere 10 and housing the chip C in the pocket part 10a. 

Since 90% or higher of breast cancer is 'Muctal 
carcinoma" starting from glandular epithelia of the ducts, 
particularly, to detect breast cancer, it is preferable to 
provide the pocket in a part where a nipple is positioned. 

By disposing the chip C near a nipple, abnormality in 
the ducts can be detected early. Therefore, early detection 
of breast cancer can be performed. 

It is also possible to provide the pocket 10a in another 
part and house the chip C in the pocket 10a. 

Although the sixth embodiment is directed to the female 
brassiere 10, it can be also applied to female panties. In 
this case, early detection of particularly, cancers in urinary 
organs, uterine cancer, and the like can be realized. 

It is also possible to detect body odor, secreted 
material from the skin or its gas, or bad breath near cancer 
tissues of gastric cancer, liver cancer, or the like, thereby 
predicting occurrence of cancer. 

In the first to sixth embodiments, it is also possible 
to provide protein (ligand receptor) in place of the antibody 
R (monoclonal antibody) and detect that a specific ligand 
selectively binds to the protein. In other words, in the 
embodiments, the antibody R can be replaced with protein as 
a ligand receptor, and the antigen S can be replaced with a 
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ligand. 

When the protein binds to the ligand, strong selectivity 
equivalent to binding between the antibody R and the antigen 
S is displayed. It can be regarded that the behavior in the 
case where the protein binds to a ligand is similar to that 
in the case where the antibody R binds the i.antigen S. 

The embodiments shown in the diagrams are only 
illustrative but do not limit the technical range of the present 
invention. 

For example, in the illustrated embodiments, each of the 
sensor chips A and C is constructed by combining the 
semiconductor 1 and the antibody R. A potential change may 
be detected and amplified by a quartz resonator sensor. 

The diagnostic sensor having a (specific part) detector 
(specific part) for detecting binding between an antibody and 
an antigen can be replaced with another sensor. 

For example, the detection can be performed by an odor 
sensor utilizing an odor sensing function, a sensor utilizing 
an organic dye film of petain dye, merocyanine dye, or the like, 
a sensor using a chemical material such as beta carotene, or 
a metal oxide semiconductor sensor of tin oxide (Sn02) / zinc 
oxide (ZnO) , iron oxide (Fe203) , titanium oxide (TiOa) - 

Although a single kind of an antibody is provided for 
a sensor chip in the illustrated embodiments, a plurality of 
antibodies can be provided. Alternately, data for diagnosis 
can be detected with a plurality of kinds of sensors having 
different antibodies . 
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In the case of using a plurality of kinds of sensors, 
determination closer to the sense of humans can be made using 
a pattern of a figure obtained by totaling (or multiplexing) 
sensor outputs. 

The diagnosing method using the diagnostic sensor of the 
present invention includes: a step (step SI in FIG. 5) of 
detecting the weak current 4 generated from the semiconductor 
integrated circuit 1; a step (steps S2 and S3 in FIG. 5) of 
examining the waveform of the weak current and determining 
whether the detected waveform is different from a base waveform 
(a waveform of a weak current generated in the case where the 
antibody and the antigen do not bind to each other) more than 
a permissible range or not; and a step (steps S4 and S5 in FIG. 
5) of displaying the result when a predetermined amount or more 
of antigens binding to the antibodies exists. 

Effects of the Invention 

In the diagnostic sensor (A: claims 1 and 2) of the 
present invention or the diagnostic system (B: claim 3) using 
the diagnostic sensor, an electric change is generated on 
detection of a pathogen, antigen (S) , or ligand as a cause of 
odor which develops when abnormality occurs. Consequently, 
by examining a signal from the sensor, the presence or absence 
of abnormality can be easily determined. That is, abnormality 
in a human body can be detected without removing a part of 
tissues and/or taking blood which gives pain to the patient. 

In the diagnostic system (E: claim 4) of the present 
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invention using the diagnostic sensor (C) ad the computer 
network (N) , by installing the diagnostic sensor (C) in a house 
(H) , information is automatically sent to the diagnosis-side 
computer (D) and is compared with data (D3) prepared in the 
diagnosis-side computer (D) , thereby enabling abnormality or 
disease to be determined in short time. Thus, the system 
contributes to early treatment. 

Further, when the user wears the brassier (10: claim 5) 
for detecting breast cancer of the present invention, early 
finding of breast cancer can be realized naturally and easily 
without aware of a physical burden of a test. 
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